The non-inducible chaperone heat shock cognate 70 kDa (Hsc70) is regulated during development. We now characterize its dynamic expression pattern from gastrulation to early organogenesis. Throughout this developmental period, hsc70 transcripts were largely restricted to neuroectoderm-and mesoderm-derived structures. In stage 10 embryos, Hsc70 protein was expressed in the neural tube with increasing rostrocaudal and decreasing dorsoventral gradients, and in some somite cells. This highly regulated expression of Hsc70 is likely to reflect specific developmental functions, besides its well-characterized role in protein folding.
Chaperones, a diverse set of protein families, assist in protein folding, translocation and assembly of newlysynthesized polypeptides (Hartl, 1996; Rassow et al., 1997; Karlin and Brocchieri, 1998) . They also stabilize proteins during heat shock and other stresses, thus contributing to cell survival after injury (Lindquist and Craig, 1988; Parsell and Lindquist, 1993) . Although the fact that chaperones are developmentally regulated has been known for two decades (see references in De la Morange et al., 1998) , the search for their possible role in development has been hindered by their apparently ubiquitous expression and basic function, chaperoning, in all cells.
We have shown that hsc70 mRNA and Hsc70 protein increase several-fold from gastrulation to early organogenesis . To establish correlations between Hsc70 expression and cellular processes in early development, we analyzed hsc70 expression by in situ hybridization. During gastrulation, transcripts localized in the borders of the primitive groove. Hensen's node was weakly positive whereas the prospective neural plate was markedly positive (Fig. 1A,B) . hsc70 expression in the ingressing cells ( Fig. 2A, arrows) progressively decreased, resulting in a moderately positive mesoderm.
During neurulation, the neural fold and tube, the sinus rhomboidalis and the primitive streak showed high levels of hsc70 expression (Fig. 1C,D) . A positive, caudal paraxial band corresponds, probably, to lateral mesoderm (Fig. 1C , arrowheads). Transcripts were abundant in the premigratory and initial migratory neural crest cells (Fig. 2B ,E,F, arrows). The expression in the neuroepithelium was more intense near the apical membrane and, less regularly, near the basal membrane (Fig. 2B,C) . At the level of Hensen's node, the neural plate was uniformly positive except for the future apical membrane, in which a strongly positive narrow band was interrupted at the level of cellular ingression (Fig. 2D ). In the area adjacent to the future basal mem- Abbreviations in all figures: ai, anterior intestine; e, ectoderm; en, endoderm; fp, floor plate; hn, Hensen's node; im, intermediate mesoderm; lm, lateral mesoderm; m, mesonephric tube; me, mesencephalic vesicle; ms, mesoderm; n, notochord; nc, neural crest; nf, neural fold; np, neural plate; nt, neural tube; op, optic vesicle; ot, otic vesicle; ps, primitive streak; rb, rhombencephalon; s, somatopleura; sl, sulcus limitans; so, somites; sp, segmental plate; Sr, sinus rhomboidalis; tb, tail bud. Bar, 200 mm in A,B,H, 300 mm in C,D,F,G, 400 mm in E, and 100 mm in I-L.
brane, there were clusters of strongly positive cells (Fig.  2C,D, arrowheads) . The non-neural ectoderm expressed little hsc70, except for two ventrolateral spots located near the extraembryonic ectoderm (Fig. 2B, arrowheads) . Also, in the caudal ectoderm, clusters of very positive cells were present (Fig. 2H) . The mesoderm similarly showed an evolving, restricted hsc70 expression at rostral levels, observed in the notochord and somites (more recently formed somites exhibited greater staining) (Fig. 2C,E-G) . The paraxial mesoderm, the segmental plate and the intermediate mesoderm were weakly positive (Fig. 2G) . The splanchnopleura was strongly positive (Fig. 2G, arrow) .
At the protein level, Hsc70 expression was even more selective. Cell-specific heterogeneity was observed within areas of specified regional identity in stage 10 embryos. There was increasing rostrocaudal expression in the neural tube, with very low levels in the forebrain (Fig. 3A) . The trunk and caudal neural tube presented higher staining, with a dorsoventral gradient that confirmed the high Hsc70 expression in premigratory neural crest cells. Within the generally negative floor plate there were isolated positive cells adjacent to the moderately positive notochord (Fig.  3B) . A few isolated positive cells were present in the somites and mesoderm, in the caudal prospective epidermal ectoderm and in the endoderm (Fig. 3C) .
By late neurulation, stage 11, hsc70 transcripts were still predominant in neuroectoderm and neural crest, but the rostral neural tube became transiently negative (Fig.  1E) . The paraxial mesoderm was moderately positive, whereas lateral mesoderm was strongly positive (Fig. 1E,  arrowheads) . In early organogenesis, stage 14, hsc70 expression spread to multiple tissues. The expression was high in mesencephalon and rostral rhombencephalon (Fig.  1G,I ). The optic and otic vesicles were positive (Fig.  1G,I ,J). The dorsal neural tube was still predominantly positive (Fig. 2I) . The prospective epidermal ectoderm Fig. 2 . Analysis of hsc70 expression in embryo sections. Transverse sections of embryos after whole-mount in situ hybridization were obtained at the levels indicated in Fig. 1 . The microphotographs of a same stage are arranged rostral to caudal. Abbreviations as in Fig. 1 , except for sp, splanchnopleura. Bar, 100 mm in A,I,J, 60 mm in B,D,F,G,H, and 40 mm in C and E. showed abundant transcripts at the level overlying the somites (Fig. 2I,J) . The notochord was markedly positive at all rostrocaudal levels, whereas the somites showed a gradient. The most rostral somites displayed hsc70 transcripts in the dermo-myotome (Fig. 1G , arrowheads, detail in K), particularly in the border of the dermatome limiting the myotome (Fig. 2I) . The most caudal somites presented a slightly more diffuse hsc70 expression. A strongly positive band was evident at the border with the somitocoele (Fig.  2J, arrowheads) . The mesonephric tube was strongly positive (Fig. 2I) . Also, a narrow band close to the segmental plate was positive (Fig. 1L, arrowheads) . The somatopleura showed higher expression than the splanchnopleura (Fig.  2J) .
In contrast with the initial description of Hsc70 as a non-inducible, constitutive chaperone, we found developmental regulation of its expression. In addition, Hsc70 levels are modulated by insulin and IGF-I (De la Rosa et al., 1994 , an effect that correlates with the antiapoptotic function of (pro)insulin, demonstrated in vivo and in culture (Morales et al., 1997; De la Rosa et al., 1998) . This dynamic, restricted expression of Hsc70 does not fit with a simple, general chaperone role in protein synthesis, but suggests a possible specific developmental role of Hsc70.
Materials and methods
Embryos up to 2.5 days of incubation were staged according to Hamburger and Hamilton (1951) . The whole-mount in situ hybridization protocol was adapted from Henrique et al. (1995) . RNA sense and antisense digoxigenin-labeled probes were synthesized after subcloning a 776-base pair EcoRI fragment of the complete Hsc70 clone (De la . Representative embryos were embedded in Historesin (Jung Historesin Plus, Leica Instruments GmbH) and sectioned (25 mm). For immunostaining, cryosections (15 mm) were incubated with monoclonal antibody against Hsc70 as described .
